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Objective: One of the consequences of global warming is the increase in thermal stress
and, consequently, the increase in electrical energy consumption in the residential sector.
The present study aims to identify the most influential climate variable on residential
electrical energy consumption and also to introduce the best model in estimating
consumption, using electrical energy consumption modeling.

Method: Climatic data for the years 2003 to 2022 were received from the Center for
Medium-Range Weather Forecasts (ECMWF) and also annual residential electrical energy
consumption data by province of Iran were received from Tavanir. In order to examine the
trend, the nonparametric Mann-Kendall test was used and for modeling electrical energy
consumption, multiple linear regression (MLR), artificial neural networks (ANN), support
vector machine (SVM) and random forest (RF) models were used.

Results: The correlation between residential electric energy consumption and minimum
and maximum temperatures is positive in all provinces of the country. So that in 22
provinces the correlation is positive and in 9 provinces the correlation is negative. The
results of the study of the change trend showed that the minimum temperature, maximum
temperature and electric energy have had an increasing trend in all provinces, but the UTCI
index has also recorded a negative trend in a number of provinces, so that in 9 provinces
the trend has been negative and in 22 provinces the trend has been positive. Also, the
relationship obtained from the stepwise regression model showed that in 23 provinces, the
only influential variable is the minimum temperature. In the provinces of Isfahan, South
Khorasan and Kerman, the minimum temperature variables and the UTCI index were
identified as influential variables. In the provinces of Ardabil, Gilan and Golestan, only the
maximum temperature was entered into the equation. The modeling results showed that the
ANN model had better performance than the other three models. So that it has recorded the
highest correlation coefficient with 0.79 and the lowest error with 360. MLR, SVM and RF
models are in the next ranks in order of optimal performance.

Conclusion: Considering the results of numerous studies that show an increasing trend in
temperature, especially the minimum temperature, until the end of the 21st century, and
also the results of the present study that showed that there is a strong correlation between
temperature parameters, especially the minimum temperature, and electrical energy
consumption, correct and accurate planning should be carried out in order to provide the
electrical energy needed by residents in the future.
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Introduction

Recently, the European Centre for Medium-Range Weather Forecasts (ECMWF) has released the Universal
Thermal Climate Index (UTCI) derived from the ERAS reanalysis. This reanalysis combines model data with
global observations, covering recent decades. A ramification of global warming is the escalation of thermal
stress, leading to a subsequent rise in electricity consumption within the residential sector. The objective of the
current study was to identify the most influential climatic variables—specifically minimum temperature,
maximum temperature, and the Universal Thermal Climate Index (UTCI)—in relation to electrical energy
consumption in the residential sector. Additionally, the study aimed to introduce the most effective model for
estimating energy consumption through the modeling of residential electrical energy consumption. The
Universal Thermal Climate Index (UTCI) integrates air temperature, relative humidity, solar radiation, and wind
speed into a unified index, signifying the reference environmental temperature that induces thermal stress.
Theoretically, UTCI serves as a comprehensive variable in the modeling of electricity consumption in the
residential sector. Prior investigations indicate a notable gap in the research landscape, as no prior studies have
specifically endeavored to model residential sector electrical energy consumption based on the Universal
Thermal Climate Index (UTCI). While national and international studies have investigated the trajectory and
forecasting of the Universal Thermal Climate Index (UTCI)—including works by Salmani and Firoz (2018),
Roshan et al. (2022), Hu et al. (2023), Kyaw et al. (2023), Roffe et al. (2023), Jianwei et al. (2023), and Luki¢ &
Djuric (2023)—their primary focus has been on overall UTCI trends. These studies collectively reveal a
discernible and statistically significant upward trend in the UTCI index in recent years, with projections
indicating a continued increase through the end of the century. Additionally, Farhood et al. (2023) highlight a
parallel rise in temperature trends (mean, maximum, and minimum) across Iran, reflecting a broader climatic
shift within the country.

Data and Method

In this study, the Universal Thermal Climate Index (UTCI), derived from ERAS reanalysis climate data
provided by ECMWF, was obtained for the period from 2003 to 2022. Additionally, annual electrical energy
consumption data for the residential sector across Iranian provinces were collected.

The Pearson correlation coefficient was utilized to analyze the relationships between variables, while the
Mann-Kendall non-parametric test was employed to examine trends in these variables. This method is widely
recognized and used in the trend analysis of hydrological and meteorological series.

Additionally, four models—comprising both regression and artificial intelligence (Al) approaches—were
used to model electrical energy consumption. These models include Multiple Linear Regression (MLR),
Artificial Neural Networks (ANN), Support Vector Machine (SVM), and Random Forest (RF). The performance
of these models was evaluated using metrics such as Root Mean Squared Error (RMSE), Coefficient of
Determination (R?), and Standard Deviation (SD), with assessments conducted through a Taylor diagram.
Results and Discussion

The findings reveal a positive correlation between electrical energy consumption in the residential sector and
both minimum and maximum temperatures across all provinces within the country. Moreover, the association
between electrical energy consumption and the Universal Thermal Climate Index (UTCI) exhibits varying
coefficients, encompassing both positive and negative values across different provinces. In 22 provinces, a
positive correlation was observed, whereas in 9 provinces, a negative correlation was identified. Analysis of the
temporal changes indicates a consistent increase in minimum and maximum temperatures as well as electrical
energy consumption across all provinces. However, it is noteworthy that the Universal Thermal Climate Index
(UTCI) displayed a negative trend in several provinces. The stepwise regression model revealed that in 23
provinces, the sole influential variable is the minimum temperature. Notably, in the provinces of Isfahan, South
Khorasan, and Kerman, both minimum temperature and the Universal Thermal Climate Index (UTCI) were
identified as influential variables. Conversely, in Ardabil, Gilan, and Golestan provinces, only the maximum
temperature featured in the regression equation. Modeling outcomes underscored the superior performance of the
Artificial Neural Network (ANN) model in comparison to the other three models. The ANN model exhibited the
highest correlation coefficient at 0.79, coupled with the lowest Root Mean Square Error (RMSE) of 360.
Following in ranking, the Multiple Linear Regression (MLR), Support Vector Machine (SVM), and Random
Forest (RF) models demonstrated progressively lower levels of performance.

Conclusion

Based on documented data and IPCC reports, there is a significant positive trend in global temperatures,
including mean, minimum, and maximum temperatures. The past three decades have been recorded as the
warmest period to date. In light of the findings from the present study, which reveal a positive correlation—
particularly between minimum temperatures and residential electricity consumption—it is crucial to develop
detailed strategies to ensure the adequate provision of electrical energy for residents.
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